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A National Laboratory 

Le	laboratoire	est	en	bon	état!	

Regina	
13	+	6	
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•  As we enter Year 2 of the Five-Year Plan, 
     TRIUMF’s priorities remain unchanged 

–  ARIEL II 
–  Nuclear and Particle Physics 
–  Nuclear Medicine 
–  Materials Science 
–  Commercialization … 

… all in the context of  

Five-YearPlan
2015–2020
R E A L I Z I N G  T H E  V I S I O N

Five-Year Plan 2015 – 2020 

Safe	and	Effec.ve	Opera.ons	
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Overarching Laboratory Goals 

1.  Operate the laboratory 
safely and effectively 

2.  Produce world-class 
science 

3.  Connect TRIUMF to the 
world 
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Operate Safely and Effectively 
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Operate Safely 

   Safety and security improvements 
 

•  Safety training 
–  Building access training, supervisor safety 

training, basic radiation training improved 
and implemented 

•  ANSI-compliant site-wide signage 
–  Emergency preparedness and fire safety 

signage complete 
–  Safety signage finalized for order 
–  Facility signage underway 

•  Personnel safety systems  
–  Exclusion Area Access Control Systems 

upgraded 

•  New visitor application 
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Operate Effectively – Project Management 

Ini.a.on	 Defini.on	 Planning	 Final	Design	 Construc.on	 Commissioning	 Opera.ons	
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Gate	0	 Gate	1	 Gate	2	 Gate	3	

ARIEL-I	 N/A			

UCN	 N/A	 						

EMMA	 N/A	

IRIS	 N/A	

GRIFFIN	 N/A	

DESCANT	 N/A	

Francium	Trapping	
Facility	

N/A	

He	Liquefier	 N/A	

ATLAS	NSW/LAr	Upgrades	 N/A	

ALPHA-g	 N/A	 TBD	

Super-CDMS	 N/A	

Gate	0	 Gate	1	 Gate	2	 Gate	3	

ARIEL-II	 [9/16]	

ARIEL	1.5	

ATLAS	Phase	2	Upgrade		 	5/16	 		

HL-LHC	Accelerator	 TBD	

Photodetector	Infrastruc.	 TBD	

HyperK/PINGU	 	5/16	

UCN/nEDM	 	6/16	

MOLLER	 	7/16	

TIGRESS	Si	Tracker	 TBD	

Muon	Beamline	Upgrade	 	6/16	

Isotope	Harves.ng	 		[				]	 	6/16	

ARIEL	2nd	RIB	Accelerator	    ✖	 N/A	

Operate Effectively – Project Management 

CFI	projects	reviewed	by	mini-PPAC	in	December,	2015	
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2016 Shutdown 
 

•  Cyclotron Refurbishing 
 

ü  Main magnet power supply replacement – identified as top candidate in risk 
assessment matrix – ordered – install 2017 shutdown 

ü  Mechanical tuners for cyclotron rf resonators – 60 assembled – 15 installed 

ü  Centre region correction plate power supplies – 38 replaced 
  

ü  Oxygen Deficiency Monitoring System in the cyclotron vault – installed 

ü  New LN2 supply manifold with safety automatic shut-off valves – completed	
 

•  BL1A  
ü  T1/T2 BL1A targets water package PLC controls – completed 

ü  New 90 kW power supply for BL1A Q15 quadrupole – completed 
 

•  BL4V 
ü  Significant opportunistic removal of vault beamline to prepare for ARIEL II 

Operate Effectively – Quality Management 
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Operate Effectively – Organization 

Safety	

Finance	Personnel	

Director	
Jonathan	Bagger	

	

Deputy	Director	
Reiner	Kruecken	

Innova.on	

	

Directorate	
	

Jim	Hanlon	
Chief	Administra=ve	Officer	

	

Henry	Chen	
Chief	Financial	Officer	

	

Anne	Trudel	
Chief	Safety	Officer	

	

Sean	Lee	
Head,	External	Rela=ons	

	

Lisa	Lambert	
Head,	Strategic	Communica=ons	

	

Physical	Sciences	
[Jens	Dilling]	

Life	Sciences	
Paul	Schaffer	

Engineering	
Remy	Dawson	

Accelerator	
[Bob	Laxdal]	

Audit	

Board	of	Management	
Steven	Liss,	Chair	

AAPS,	Inc	
[Don	Furseth],	CEO	
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Operate Effectively – Staffing 

Leadership	Searches:	
	

1.	 	Associate	Laboratory	Director,	Accelerator	Division	
•  Search	Commibee:		Steve	Holmes,	Fermilab	(Chair);	Rick	Baartman,	TRIUMF;															

Yuri	Bylinski,	TRIUMF;	Sytze	Brandenburg,	KVI;	Kathy	Harkay,	Argonne;																						
Reiner	Kruecken,	TRIUMF;	Mike	Seidel,	PSI	

	

2.	 	Associate	Laboratory	Director,	Physical	Sciences	Division	
•  Search	Commibee:		Mike	Roney,	UVic	(Chair);	Makoto	Fujiwara,	TRIUMF;											

Rituparna		Kanungo,	Saint	Mary’s;	Alison	Laird,	York;		Bob	Laxdal,	TRIUMF;											
Graeme	Luke,	McMaster,	Paul	Man.ca,	Michigan	State;	Brigebe	Vachon,	McGill	

	

3.	 	Advanced	Applied	Physics	Solu.ons,	President	and	CEO	
•  Search	Commibee:	Jonathan	Bagger,	TRIUMF	(Chair);	Jim	Hanlon,	TRIUMF;																

Eric	Guetre,	TRIUMF;	Haig	Farris,	Fractal	Capital;	Karimah	Es	Sabar,	CDRD;												
Assisted	by	Korn	Ferry	
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Operate Effectively – Staffing 

ALD – Accelerator Division 
 

–  Oliver Kester 
•  Start date:  September, 2016 
•  Currently Director, FAIR@GSI and 

Professor, Goethe University Frankfurt 
•  Previously at LMU Munich, Michigan 

State University, CERN 
•  PhD:  Goethe University Frankfurt 
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Operate Effectively – Staffing 

    BAE Hires 
 

–  Beatrice Franke, UCN 
•  Start date:  Summer, 2016 
•  Currently postdoc at MPQ Munich 
•  PhD:  ETH Zurich 

–  Nigel Hessey,  ATLAS 
•  Start date:  Summer, 2016 
•  Currently senior staff at NIKHEF, Amsterdam 
•  Former ATLAS upgrade coordinator 
•  PhD:  University of Birmingham 
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Operate Effectively – Staffing 

    BAE Hires 
 

–  Ania Kwiatkowski, ISAC 
•  Start date:  Summer, 2016 
•  Currently faculty at Texas A&M University 
•  PhD:  Michigan State University 
 

 

–  Valery Radchenko, Radiochemistry 
•  Start date:  Summer, 2016 
•  Currently at postdoc at Los Alamos National 

Laboratory 
•  PhD:  University of Mainz 
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Operate Effectively – Staffing 

    Joint Hires 
 

–  Russell Memmei, Winnipeg 
•  Start date:  Summer, 2015 
•  Previously postdoc at Winnipeg 

and Jefferson Lab 
•  PhD:  Virginia Tech 
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Operate Effectively – Diversity and Inclusion 

•  Overall staff:  15% female 

–  BAE      11% 
–  P&S      23% 
–  TEC      8% 

–  Admin     71% 
–  Non-Admin   9% 

–  Postdocs    23% 

  

Goal:		Build	a	laboratory	that	looks	like	Canada	
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Operate Effectively – Diversity and Inclusion 

•  New Postdoctoral Fellowships! 

–  Otto Hauser Postdoctoral Fellowship 

•  Launching this summer 
 
–  Proposed Harriet Brooks Postdoctoral Fellowship 

•  Seeking funding 

Watch	for	announcements!	
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Operate Effectively – Site Master Plan 

•  TRIUMF is working with UBC Campus Planning to develop a Site Master 
Plan that opens TRIUMF to the community, and 

1)  Captures the present state of the laboratory 
2)  Identifies facilities that need replacement and/or renovation 
3)  Rationalizes the flow of people and materials across the site 
4)  Links TRIUMF’s site to its strategic plan 
5)  Sites future facilities in support of the plan 
6)  Allows TRIUMF to respond quickly if funding opportunities arise 
7)  Identifies opportunities for philanthropy; makes TRIUMF’s story easier to tell 
8)  Ensures that growth occurs in a way that leaves room for future development 
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Operate Effectively – Site Master Plan 

NOBEL PARK

PACIFIC SPIRIT PARK LEASE & LICENSE AREAS (APPROX)
LEASE AREA BOUNDARY

(99-YR TERM)

POTENTIAL LEASE EXPANSION
(APPROXIMATE; TO BE NEGOTIATED AND VERIFIED

VIA SURVEY)

ACCESS EASEMENT

EXISTING FACILITIES STATUS
REMAIN AS IS

POTENTIAL TO BE RENOVATED
OR MODIFIED

RADIATION LINE

UBC/UEL BOUNDARY

SITE CONSIDERATIONS
FIRE/LOGISTICS ROUTES

RABBIT LINE

RECEIVING
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Operate Effectively – Site Master Plan 
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Operate Effectively – Site Master Plan 
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Operate Effectively – Site Master Plan 



24	

Overarching Laboratory Goals 

1.  Operate the laboratory 
safely and effectively 

2.  Produce world-class 
science 

3.  Connect TRIUMF to the 
world 
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Produce World-Class Science 

33%	

34%	

16%	

17%	

Scien?fic	Visitors	&	Users		
by	Region	(574)	

Canada	

USA	

Asia	

Europe	

23%	

10%	

16%	13%	
4%	

9%	

25%	

Scien?fic	Visitors	&	Users	
by	Field	(574)	

Nucl.	Phys.	

Part.	Phys.	

MMS	

Theory	

Life	Sciences	

Accelerator	

PIF&NIF	
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 Produce World-Class Science – ALPHA 

–  First results from ALPHA-2 
•  Anti-H neutrality tested to 10-9  
•  New measure of e+ charge to 10-9  

–  40 x improvement over PDG 

2 1  J A N U A R Y  2 0 1 6  |  V O L  5 2 9  |  N A T U R E  |  3 7 3

LETTER
doi:10.1038/nature16491

An improved limit on the charge of antihydrogen 
from stochastic acceleration
M. Ahmadi1, M. Baquero-Ruiz2,3, W. Bertsche4,5, E. Butler6,7, A. Capra8, C. Carruth2, C. L. Cesar9, M. Charlton10, A. E. Charman2, 
S. Eriksson10, L. T. Evans2, N. Evetts11, J. Fajans2, T. Friesen12, M. C. Fujiwara13, D. R. Gill13, A. Gutierrez11, J. S. Hangst12, 
W. N. Hardy11, M. E. Hayden14, C. A. Isaac10, A. Ishida7, S. A. Jones10, S. Jonsell15, L. Kurchaninov13, N. Madsen10, D. Maxwell10, 
J. T. K. McKenna13, S. Menary8, J. M. Michan13, T. Momose16, J. J. Munich14, P. Nolan1, K. Olchanski13, A. Olin13,17, A. Povilus2, 
P. Pusa1, C. Ø. Rasmussen12, F. Robicheaux18, R. L. Sacramento9, M. Sameed10, E. Sarid19, D. M. Silveira9, C. So2, T. D. Tharp12, 
R. I. Thompson20, D. P. van der Werf10,  J. S. Wurtele2,21 & A. I. Zhmoginov2

Antimatter continues to intrigue physicists because of its apparent 
absence in the observable Universe. Current theory requires that 
matter and antimatter appeared in equal quantities after the 
Big Bang, but the Standard Model of particle physics offers no 
quantitative explanation for the apparent disappearance of half 
the Universe. It has recently become possible to study trapped 
atoms1–4 of antihydrogen to search for possible, as yet unobserved, 
differences in the physical behaviour of matter and antimatter. 
Here we consider the charge neutrality of the antihydrogen atom. 
By applying stochastic acceleration to trapped antihydrogen atoms, 
we determine an experimental bound on the antihydrogen charge, 
Qe, of |Q| < 0.71 parts per billion (one standard deviation), in 
which e is the elementary charge. This bound is a factor of 20 less 
than that determined from the best previous measurement5 of the 
antihydrogen charge. The electrical charge of atoms and molecules 
of normal matter is known6 to be no greater than about 10−21e 
for a diverse range of species including H2, He and SF6. Charge– 
parity–time symmetry and quantum anomaly cancellation7 demand 
that the charge of antihydrogen be similarly small. Thus, our 
measurement constitutes an improved limit and a test of fundamental 
aspects of the Standard Model. If we assume charge superposition and 
use the best measured value of the antiproton charge8, then we can place 
a new limit on the positron charge anomaly (the relative difference 
between the positron and elementary charge) of about one part per 
billion (one standard deviation), a 25-fold reduction compared to the 
current best measurement8,9.

The charge of the antihydrogen atom can be inferred from the charge 
anomalies of the antiproton and positron. The charge anomaly of the 
antiproton is known from spectroscopic measurements8,10 on antipro-
tonic helium, +pHe , and is q e e 0 7p|| |− |/ < .  parts per billion (p.p.b.) 
with a confidence level of 90%, where qp is the antiproton charge. The 
charge anomaly of the positron8,9,11 is less well known: 
| − |/ < . . .+q e e 25p p be  , where +qe  is the positron charge (no confidence 
level given, but assumed here to be 1σ), determined by measurements 
of the positron cyclotron frequency and the positronium Rydberg con-
stant. Assuming charge superposition, we can therefore combine these 
two anomalies to infer an indirect experimental bound of !| | . . .Q 25p p b  
on the charge Qe of antihydrogen. This bound is much looser than the 

direct experimental bounds for normal-matter atoms; however, the 
methods used to set these normal-matter bounds generally use mac-
roscopic quantities of atoms and so are unsuitable for studies of anti-
hydrogen, of which only approximately 1,000 antiatoms have been 
trapped and detected1–4.

The earliest direct experimental limit on the charge of antihydro-
gen, |Q| < 0.02, came from the observation12 that Lorentz forces were 
insufficient to deflect an energetic (momentum of 1.94 GeV c−1) beam13 
of antihydrogen atoms away from a detector. A much more precise 
bound, Q = (−13 ± 11 ± 4) p.p.b. (1σ confidence level), was recently 
determined5 by searching for a static-electric-field-induced shift in the 
average position of antiatoms confined in the ALPHA-I antihydrogen 
trap at CERN. This shift was measured by recording the position along 
the electric-field axis as the antiatoms were released from the trap by 
turning off the trapping magnetic fields.

The precision of this static shift measurement was limited by the 
magnitude of the applied electric fields, and by statistical and systematic 
issues related to accurately measuring small deflections. The sensitivity 
of the charge measurement can be enhanced by using stochastic (that is,  
randomly time-varying) electric fields5,14,15. Under the influence of such 
fields, a putatively charged, trapped antihydrogen atom would experience 
small, stochastic energy kicks. On average, the antiatom would gradually 
gain enough energy from these kicks to escape the shallow potential well 
in which it was trapped. This process can be modelled as a random walk 
similar to Fermi acceleration16. By searching for the loss of antiatoms 
caused by these stochastic electric fields, we set a new limit on |Q|.

Our measurement was performed on antihydrogen atoms confined 
in the ALPHA-2 trap at CERN. This trap uses a minimum-magnetic- 
field (minimum-B) configuration to trap the antiatoms. Schematics 
of the trap and fields are shown in Fig. 1a and b, respectively. The 
magnetic minimum is formed by mirror and octupole magnetic coils. 
Antihydrogen atoms whose magnetic moments are oriented antiparal-
lel to the trap magnetic fields are attracted to the magnetic minimum at 
the trap centre; for our fields, which are of the order of 1 T, the depth of 
the antihydrogen potential well is Ewell = 0.54 K, where Ewell is measured 
in temperature units.

The general methods by which we trap antihydrogen are described 
elsewhere1–3,17, but briefly, antihydrogen atoms are created by first 
trapping separate cold plasmas containing several million positrons 

1Department of Physics, University of Liverpool, Liverpool L69 7ZE, UK. 2Department of Physics, University of California at Berkeley, Berkeley, California 94720-7300, USA. 3Centre de Recherches 
en Physique des Plasmas (CRPP), École Polytechnique Fédérale de Lausanne (EPFL), CH-1015 Lausanne, Switzerland. 4School of Physics and Astronomy, University of Manchester, Manchester 
M13 9PL, UK. 5Cockcroft Institute, Sci-Tech Daresbury, Warrington WA4 4AD, UK. 6Centre for Cold Matter, Blackett Laboratory, Imperial College London, Prince Consort Road, London SW7 2AZ, UK.  
7Physics Department, European Organisation for Nuclear Research (CERN), CH-1211 Geneva 23, Switzerland. 8Department of Physics and Astronomy, York University, Toronto, Ontario M3J 1P3, 
Canada. 9Instituto de Física, Universidade Federal do Rio de Janeiro, Rio de Janeiro 21941-972, Brazil. 10Department of Physics, Swansea University, Swansea SA2 8PP, UK. 11Department of 
Physics and Astronomy, University of British Columbia, Vancouver, British Columbia V6T 1Z4, Canada. 12Department of Physics and Astronomy, Aarhus University, DK-8000 Aarhus C, Denmark. 
13TRIUMF, 4004 Wesbrook Mall, Vancouver, British Columbia V6T 2A3, Canada. 14Department of Physics, Simon Fraser University, Burnaby, British Columbia V5A 1S6, Canada. 15Department of 
Physics, Stockholm University, SE-10691, Stockholm, Sweden. 16Department of Chemistry, University of British Columbia, Vancouver, British Columbia V6T 1Z1, Canada. 17Department of Physics 
and Astronomy, University of Victoria, Victoria, British Columbia V8P 5C2, Canada. 18Department of Physics and Astronomy, Purdue University, West Lafayette, Indiana 47907, USA.  
19Soreq Nuclear Research Center, Yavne, 81800, Israel. 20Department of Physics and Astronomy, University of Calgary, Calgary, Alberta T2N 1N4, Canada. 21ATAP, Lawrence Berkeley National 
Laboratory, Berkeley, California 94720, USA.
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•  Ca, K, Ar are observed in expanding classical nova shells 
•  Observed abundances of Ca and Ar greatly exceed model 

predictions 
•  38gK(p,γ)39Ca reaction uncertainty affects predicted Ar-K-Ca 

abundances by factors 25, 136, 58, respectively.  

DRAGON	measurement	reduces	uncertainty	by	a	factor	of	10	

Direct Measurement of the Astrophysical 38Kðp;γÞ39Ca Reaction and Its Influence on the
Production of Nuclides toward the End Point of Nova Nucleosynthesis

G. Lotay,1,2,* G. Christian,3,† C. Ruiz,3 C. Akers,3,4,‡ D. S. Burke,5 W. N. Catford,1 A. A. Chen,5 D. Connolly,6 B. Davids,3

J. Fallis,3 U. Hager,6,§ D. A. Hutcheon,3 A. Mahl,6 A. Rojas,3 and X. Sun3,7
1Department of Physics, University of Surrey, Guildford GU2 7XH, United Kingdom
2National Physical Laboratory, Teddington, Middlesex TW11 0LW, United Kingdom

3TRIUMF, Vancouver, British Columbia V6T 2A3, Canada
4Department of Physics, The University of York, York YO10 5DD, United Kingdom

5Department of Physics and Astronomy, McMaster University, Hamilton, Ontario L8S 4M1, Canada
6Colorado School of Mines, Golden, Colorado 80401, USA
7McGill University, Montreal, Quebec H3A 0G4, Canada
(Received 19 November 2015; published 1 April 2016)

We have performed the first direct measurement of the 38Kðp; γÞ39Ca reaction using a beam of
radioactive 38K. A proposed l ¼ 0 resonance in the 38Kþ p system has been identified at 679(2) keV with
an associated strength of 120þ50

−30 meV. Upper limits of 1.16 (3.5) and 8.6 (26) meV at the 68% (95%)
confidence level were also established for two further expected l ¼ 0 resonances at 386 and 515 keV,
respectively. The present results have reduced uncertainties in the 38Kðp; γÞ39Ca reaction rate at
temperatures of 0.4 GK by more than 2 orders of magnitude and indicate that Ar and Ca may be ejected
in observable quantities by oxygen-neon novae. However, based on the newly evaluated rate, the
38Kðp; γÞ39Ca path is unlikely to be responsible for the production of Ar and Ca in significantly enhanced
quantities relative to solar abundances.

DOI: 10.1103/PhysRevLett.116.132701

Astronomical observations of classical novae are among
the most prolific obtained for any explosive event in our
Galaxy. These cataclysmic scenarios result from the accre-
tion of hydrogen-rich material onto the surface of white
dwarf stars in close binary systems [1], and elemental
spectroscopy of the ejecta has indicated two main classes of
explosion. The more massive oxygen-neon (ONe) novae
achieve significantly higher peak temperatures (∼0.4 GK)
than those found in carbon-oxygen (CO) novae (∼0.2 GK),
and as such are expected to be capable of synthesizing
nuclei as heavy as Ar and Ca [1,2]. However, significant
discrepancies currently exist between the observations of
Ar and Ca abundances in nova ejecta [3–6] and model
predictions [1,2]. In particular, the authors of Ref. [2]
predict that Ar and Ca should only be produced at the level
of solar abundances in novae, whereas Andrea et al. [4]
report the observation of Ar and Ca abundances in the
ejecta up to an order of magnitude greater than solar.
Consequently, in order to resolve such contradictions, a
detailed knowledge of the production of heavier elements
in nova environments is required.
A pivotal development in the theoretical investigation of

nova nucleosynthesis was a detailed sensitivity study of the
impact of individual reaction rate uncertainties on final
nova yields performed by Iliadis et al. [7]. In that study [7],
although 175 different reactions were varied through their
associated uncertainties and a range of nova models
considered, only a handful of reactions were highlighted

as having a significant effect on the final ejected abun-
dances. Over the past decade, extensive scientific efforts
have been made in attempting to reduce uncertainties in
these reactions [8–16]. However, at present, almost no
experimental information exists for any of the key reactions
identified in Ref. [7] involving nuclei of mass A≳ 34
toward the nucleosynthesis end point in novae. The rates of
these reactions are still entirely based on Hauser-Feshbach
calculations, and in Ref. [7] such calculated rates were
assumed to have uncertainties of ∼104 [17]. In particular,
for the hottest nova models considered (T ∼ 0.4 GK) in
Ref. [7], it was found that variations in the 38Kðp; γÞ39Ca
reaction rate within its associated 104 uncertainty could
lead to maximum changes in the final abundances of 38Ar,
39K, and 40Ca of factors ∼25, 136, and 58, respectively.
Given that 38Ar is expected to constitute ∼1=3 of the total
abundance of argon produced in nova explosions [7], and
40Ca entirely dominates the calcium abundance, reducing
uncertainties in the 38Kðp; γÞ39Ca reaction rate will play a
critical role in helping to reconcile the current discrepancies
between theory and observation with regards to the
presence of highly ionized Ar and Ca spectral lines in
nova ejecta [3–6]. Furthermore, constraints on the produc-
tion of Ca in novae may have implications beyond
examining the end point of nucleosynthesis, as a very
recent study utilized the 7Be=Ca ratio to conclude that
novae are potentially responsible for significant amounts of
7Li in our Galaxy [18].

PRL 116, 132701 (2016) P HY S I CA L R EV I EW LE T T ER S
week ending
1 APRIL 2016

0031-9007=16=116(13)=132701(5) 132701-1 © 2016 American Physical Society

 Produce World-Class Science – DRAGON 
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•  Half-lives of neutron rich isotopes are 
essential to understand contributions  
to r process induced by neutron star 
mergers 

•  Controversy in the literature regarding 
rates for 128-130Cd 

•  Resolved by GRIFFIN!   First paper, 
accepted by PRC.   First author,                
R. Dunlop, Guelph PhD student! 

 Produce World-Class Science – GRIFFIN 
Half-Lives of Neutron-Rich 128�130Cd

R. Dunlop,1, ⇤ V. Bildstein,1 I. Dillmann,2, 3, † A. Jungclaus,4 C. E. Svensson,1 C. Andreoiu,5 G. C. Ball,2

N. Bernier,2, 6 H. Bidaman,1 P. Boubel,1 C. Burbadge,1 R. Caballero-Folch,2 M. R. Dunlop,1 L. J. Evitts,2, 7

F. Garcia,5 A. B. Garnsworthy,2 P. E. Garrett,1 G. Hackman,2 S. Hallam,2, 7 J. Henderson,2 S. Ilyushkin,8

D. Kisliuk,1 R. Krücken,2, 6 J. Lassen,2, 9 R. Li,2 E. MacConnachie,2 A. D. MacLean,1 E. McGee,1 M. Moukaddam,2

B. Olaizola,1 E. Padilla-Rodal,10 J. Park,2, 6 O. Paetkau,2 C. M. Petrache,11 J. L. Pore,5 A. J. Radich,1

P. Ruotsalainen,2 J. Smallcombe,2 J. K. Smith,2 S. L. Tabor,12 A. Teigelhöfer,2, 9 J. Turko,1 and T. Zidar1

1Department of Physics, University of Guelph, Guelph, Ontario N1G 2W1, Canada
2TRIUMF, 4004 Wesbrook Mall, Vancouver, British Columbia V6T 2A3, Canada

3Department of Physics and Astronomy, University of Victoria, Victoria, British Columbia V8P 5C2, Canada
4Instituto de Estructura de la Materia, CSIC, E-28006 Madrid, Spain

5Department of Chemistry, Simon Fraser University, Burnaby, British Columbia V5A 1S6, Canada
6Department of Physics and Astronomy, University of British Columbia, Vancouver, British Columbia V6T 1Z4, Canada

7Department of Physics, University of Surrey, Guildford GU2 7XH, United Kingdom
8Department of Physics, Colorado School of Mines, Golden, Colorado 80401, USA

9Department of Physics and Astronomy, University of Manitoba, Winnipeg, Manitoba R3T 2N2, Canada
10Universidad Nacional Autónoma de México, Instituto de Ciencias Nucleares, AP 70-543, México City 04510, DF, México

11Centre de Sciences Nucléaires et Sciences de la Matière,
CNRS/IN2P3, Université Paris-Saclay, 91405 Orsay, France

12Department of Physics, Florida State University, Tallahassee, Florida 32306, USA
(Dated: March 29, 2016)

The �-decay half-lives of 128–130Cd have been measured with the newly commissioned GRIFFIN
�-ray spectrometer at the TRIUMF-ISAC facility. The time structures of the most intense �-
rays emitted following the �-decay were used to determine the half-lives of 128Cd and 130Cd to be
T1/2 = 246.2(21) ms and T1/2 = 126(4) ms, respectively. The half-lives of the 3/2+ and 11/2� states
of 129Cd were measured to be T1/2(3/2

+) = 157(8) ms and T1/2(11/2
�) = 147(3) ms. The half-lives

of the Cd isotopes around the N = 82 shell closure are an important ingredient in astrophysical
simulations to derive the magnitude of the second r-process abundance peak in the A ⇠ 130 region.
Our new results are compared with recent literature values and theoretical calculations.

Introduction — The �-decay properties (half-lives
and �-delayed neutron-branching ratios) of nuclei below
doubly-magic 132

50Sn82 are key input parameters for any
astrophysical r-process scenario as they play an impor-
tant role in the formation and shape of the second abun-
dance peak at A ⇠ 130 [1]. This is despite the fact that
the astrophysical site, or sites, where rapid neutron cap-
ture nucleosynthesis [2–6] takes place remain(s) elusive.

In both the high- and low-entropy hot neutrino-driven
wind scenarios, the most important nuclei in this mass
region are the N = 82 isotones with Z = 40�50 because
the enhanced neutron binding energy compared to their
isotopic neighbors leads to a barrier for the r-process re-
action flow towards heavier masses. After the break-out
of the N = 82 shell, isotopes with N = 84, 86 and 88
also become important, such as 134,136,138Sn, 133,135Ag,
132,134,136Cd, 131,133Rh, and 130Pd [1].

At the so-called “waiting-point nuclei”, an accumula-
tion of r-process material occurs (under given astrophys-
ical conditions) and material can be transferred to the
next elemental chain via �-decay. The half-lives of these
waiting points thus determine how much material is ac-
cumulated, and hence, the amplitude and shape of the

⇤
rdunlop@uoguelph.ca

†
dillmann@triumf.ca

resulting r-process abundance peaks after decay back to
stability. The prominent r-process abundance peaks at
A ⇠ 80, 130, and 195 correspond to waiting-point iso-
topes at the closed neutron shells N = 50, 82, and 126
where due to nuclear shell structure e↵ects, the reaction
flow is hindered.

More neutron-rich “cold” r-process scenarios like neu-
tron star mergers [7, 8], drive the reaction path towards
the neutron dripline, into regions that will only be par-
tially accessible to experiments at the new generation
of radioactive beam facilities. Since most of the nuclei
involved in r-process calculations are currently experi-
mentally inaccessible, one has to rely heavily on the pre-
dictive power of theoretical models for the �-decay of
these nuclei. The relative r-process abundances of nuclei
around neutron shell-closures are particularly sensitive to
the half-lives, and it is thus critical to have models that
can accurately reproduce these decay properties.

In particular, shell-model calculations for the waiting-
point nuclei near the N = 82 neutron shell closure [9, 10]
have been performed by adjusting the quenching of the
Gamow-Teller (GT) operator to reproduce the 130Cd
half-life reported in Ref. [11], and are known to yield
systematically large values for the half-lives of other nu-
clei in the region [10]. A new, shorter, half-life for 130Cd
as measured by the EURICA collaboration [12] would re-
solve this discrepancy by scaling the GT quenching by a
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FIG. 4. (Color online) A portion of the 129Cd decay scheme
(adapted from Ref. [18]) that shows the transitions relevant
to the measurement of the half-life (see text for details). The
�-rays that were used in the half-life analysis are shown in red.
Note that the ordering of the ground state and isomeric state
in 129Cd is unknown; in this context “x” can be < 0 keV.

FIN have made it possible to extract the half-life of
the 11/2� state from just the 359, 1796 and 2156 keV
transitions, yielding T1/2(11/2

�) = 147(3) ms. For the
half-life of the 3/2+ state, the two transitions at 1423
and 1586 keV were used resulting in T1/2(3/2

+) =
157(8) ms (Fig. 5). A summary of the half-lives mea-
sured from each of the individual � rays is given in Ta-
ble I. The same sources of systematic uncertainties as in
the 128Cd analysis were also studied for 129Cd and found
to have negligible influence compared to the statistical
uncertainties.

Unlike Ref. [18], in this work we do not use the strong
995-keV � ray in the analysis of the half-life of the 11/2�

state of 129Cd due to the previously observed feeding
from the 3/2+ state of 129Cd via the 1222 keV transi-
tion in 129In [18]. We also do not include the 1354-keV
�-ray in this analysis as it is contaminated by a �-ray of
the same energy from the decay of the 611(5) ms ground
state of 129In [29]. Based on the relative intensities of
the observed �-rays from 129In and 129Sn, we estimate
that approximately 20% of the total 1354-keV photo-
peak intensity in our experiment was from 129In decay,
which, if included, would bias the measured half-life to
longer values.

The half-lives for the 11/2� and 3/2+ �-decaying
states of 129Cd measured in this work agree with the
general conclusion of Ref. [18] that the half-lives of the
two states are very similar, and do not di↵er by a factor
of ⇡ 2, as reported in Ref. [15, 16, 30]. A direct compar-
ison of the results from the individual �-ray transitions
between this work and those of Ref. [20] is given in Ta-
ble I. For statistical reasons, in Ref. [20] the counts in
the 1423- and 1586-keV photopeaks were summed, and
the fit of the summed decay curve resulted in the pub-
lished value of 146(8) ms [18] for the 3/2+ state which
is consistent with the value of 157(8) ms reported here.
The weighted average of these two independent measure-
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FIG. 5. a) Fitted activity of the 11/2� state using the 358.9-,
1796.5- and 2155.6-keV �-rays. b) Fitted activity of the 3/2+

state using the 1422.9- and 1586.2-keV �-rays.

TABLE I. Half-life of 129Cd deduced from individual �-rays
in this work and the corresponding results from the measure-
ments of Ref. [20] (see text for details).

Half-life (ms) Parent state
E� (keV) this work Ref. [20] J

⇡

358.9 148(3) 155.8(42) 11/2�

1796.5 143(6) 157.9(99) 11/2�

2155.6 136(12) 144(24) 11/2�

Weighted average 146.5(26) 155.8(38)
Summed value 147(3) 155(3)a

1422.9 158(8) 3/2+

1586.2 157(19) 3/2+

Weighted average 157.9(75)
Summed value 157(8) 146(8)

995.1b 151.8(23) 152.0(27) 11/2� + 3/2+

1354.2c 192(12) 158.6(81) Doublet

a
The value published in Ref. [20] includes the transitions at 995

and 1354 keV.

b �-ray was not used in the current analysis due to a potential

contamination between the

129
Cd and

129
Cd

m
decays.

c
Doublet with a �-ray from the decay of

129
In.

ments is 151.5(57) ms. For the half-life of the 11/2�

state we do not average with Ref. [18], but recommend
the value of 147(3) ms reported here due to the exclusion
of contaminant �-ray photopeaks in the current work.

130
Cd Decay —For 130Cd approximately 38 hrs of data

were collected with a beam intensity of 15-30 pps. Fig-
ure 6 shows a portion of the �-coincident �-ray spectrum
obtained during the 130Cd experiment.
The 451.0- (I

�,rel

= 88.6(36)%), 1170.3- (I
�,rel

=
20.0(2)%), and 1669.2-keV (I

�,rel

= 100%) �-rays fol-
lowing the decay of 130Cd [31] were used to mea-
sure the half-life yielding 123(5) ms, 138(20) ms and
126(6) ms, respectively. The transition at 951 keV
(I

�,rel

= 22.1(33)%) [31] was not used as it is a doublet
with a � ray from the decay of 130In [32]. Fitting the
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 Produce World-Class Science – ATLAS 

•  13 TeV operations have resumed! 
•  TRIUMF is supporting ATLAS and its 

upgrades 

–  Phase 1 2019-2020  
•  NSW and LAr Electronics  

–  Phase 2 2024-2026  
•  ITK and LAr Electronics  

 

•  TRIUMF will facilitate Canada’s 
contribution to the LHC accelerator 

•  TRIUMF is committed to operating the 
ATLAS Tier-1 Centre 

–  Moving to Compute Canada facility at 
SFU 

New	Small	Wheel	
~10	m	

ITK module !
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•  EMMA status 
–  On track for commissioning in 2016. 

First RIB experiments in spring 2017 
–  All major components received from 

vendors  
–  Focal plane detectors built and tested  
–  Beam line leading to EMMA complete 
–  Electrode assemblies being installed in 

vacuum tank 

•  EMMA Collaboration Meeting and 
International Workshop 

–  July 19th, 2016, during TRIUMF’s 
Science Week 

 Produce World-Class Science – EMMA 
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 Produce World-Class Science – UCN 

April	28:		D2O	Cryostat	installed	above	BL1U	Target	

D2O	Cryostat	Installed	
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2016	CAP-TRIUMF	Vogt	Medal	
	
Awarded	to	Akira	Konaka	
	
“…	for	his	outstanding	contribu.ons	to	the	T2K	
long-baseline	neutrino	experiment,	including	his	
leadership	in	establishing	the	collabora.on”	
	
	
	
	
	

Produce World-Class Science – Physical Sciences 
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Thesis	Prize,	CAP	Division	of	Nuclear	Physics	
	
“Probing	Trapped	An.hydrogen:	In	Situ	Diagnos.cs	and	Observa.ons			
of	Quantum	Transi.ons”	
	
Tim	Friensen	
Calgary	
	
	
	
	
Supervisors:		Rob	Thompson	and	Makoto	Fujiwara,	ALPHA	Collabora.on	

Produce World-Class Science – Physical Sciences 
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•  TRIUMF offers a unique-in-Canada 
graduate student program in Accelerator 
Physics and Engineering 

•  One course per year taught by TRIUMF 
research scientists – goal is to expand 
student pool across Canada 

•  16 grad students registered in Accelerator 
Science program (U Manitoba, SFU, UBC, 
UVic) 

•  5 – SRF/RF  
•  2 – Beam physics 
•  9 – Targets/ion sources 

 Produce World-Class Science – Accelerator Science 

Graduate	Student	Program	

Illustration by Sandbox Studio, Chicago with Ana Kova

The hottest job in
physics?

0 4 / 2 6 / 1 6  | By Troy Rummler

Accelerator scientists are in demand at labs and
beyond.

While the supply of accelerator physicists in the United States
has grown modestly over the last decade, it hasn’t been able to
catch up with demand fueled by industry interest in medical
particle accelerators and growing collaborations at the national
labs. 

About 15 PhDs in accelerator physics are granted by
US universities each year. That’s up from around 12 per year, a
rate that held relatively steady from 1985 to 2005. But
accelerator physicists often come to the Qeld without a
specialized degree. For people like Yunhai Cai of the US
Department of Energy's SLAC National Accelerator Laboratory,
this has been a blessing and a curse. A blessing because high
demand meant Cai found a ready job after his post doctoral
studies, even though his expertise was in particle theory and he
had never worked on accelerators. A curse because now,
despite the growth, his Qeld is still in need of more experts.

“Eleven of DOE’s seventeen national laboratories use large
particle accelerators as one of their primary scientiQc
instruments,” says Eric Colby, senior technical advisor for the
O^ce of High Energy Physics at DOE. That means plenty of job
opportunities for those coming out of special training programs
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•  Higher	yields	for	short-lived	isotopes	due	to	smaller	diffusion	lengths	
•  Stabiliza.on	of	material	structure,	reduced	aging	effect	

v  Collabora.on	with	UBC	Department	of	Material	Engineering	
v  Test	experiment	approved	by	EEC	
v  SiC	and	electrospinning	chosen	for	first	test	
v  Material	produc.on	started	

pris.ne	 thermo	stabilized	 carbonized	 SEM	of	carbonized	mat	

SiC	Nano	Fibre	Target	R&D.		John	Wong,	UBC	MSc	in	Applied	Science		

 Produce World-Class Science – Accelerator Science 
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•  Will	require	an	RF	dipole	to	.me	
share	ERL	mode	with	single	pass	
beam	

•  650MHz	rf	deflec.ng	mode	cavity	
has	been	designed	

•  Copper	full	scale	model	produced	
for	rf	tests	and	fabrica.on	study	

•  SRF	Cavity	to	be	made	from	reactor	
grade	Niobium	with	TIG	welding	and	
heat	treated	in	induc.on	furnace	

RF	Dipole	

SRF	Dipole	Cavity	R&D.		Doug	Storey,	UVic	PhD	in	Physics	

Copper Full Scale Model 

 Produce World-Class Science – Accelerator Science 
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•  LLRF	control	algorithms	typically	use	the	phase	shis	
across	the	cavity	to	provide	a	signal	for	tuning	–	
these	signals	are	prone	to	dris		

•  A	new	algorithm	has	been	employed	that	looks	at	
the	normalized	reflected	power	using	a	sliding	
mode	extremum-seeking	op.miza.on			

The	method	has	been	
successfully	employed	to	
control	Tanks	4	and	5	on	
the	ISAC	Dris	Tube	Linac	

Novel	LLRF	Control	Algorithm.		Ramona	Leewe,	SFU	PhD	in	Applied	Science		

 Produce World-Class Science – Accelerator Science 
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Michael Craddock  
(1936 – 2015) 
 
 
Michael Craddock 
Award for Advanced 
Students in 
Accelerator Science 

 Produce World-Class Science – Accelerator Science 
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Produce World-Class Science 

 

•  Two major projects 
currently underway 

 

–  ARIEL II 

–  IAMI:  Institute for 
Advanced Medical 
Isotopes 
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Produce World-Class Science – ARIEL II 

•  Preliminary target design 
complete 

•  Funding announcement 
imminent 
–  CFI, plus Alberta, British Columbia, 

Manitoba, Ontario, Quebec 

•  Operations model being 
developed 
–  Three beams!  Including ISAC … 
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Produce World-Class Science – ARIEL II 

•  Budget	and	scope	now	under	change	
control	

•  Opera.on	model	defined	–	RIB	“factory”	
with	3	week	target	cycle	

•  Electron	target	sta.on	conceptual	design	
review	completed	

•  RFP	for	200	m	Low	Energy	RIB	lines	
released	

•  Preparing	for	Gate	2	Review	of	Phase	I	–	
September,	2016	

•  Resource	ac.on	plan	–	13	new	term	hires	

Target	exchange	
schedule	

Electron	target	
module	
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•  Next	steps	include	integra.ng	Project	Management	Systems	for	ARIEL	1.5,	
ARIEL	II,	CANREB,	and	VECC	MOU	

Produce World-Class Science – ARIEL II 

P342 Project Management Office

ARIEL-II Program Leaders
Reiner Kruecken / Remy Dawson

Project Engineer
Eric Guetre Project Manager

Asita Perera

LEGEND

Leader
Integrator

P353 Target 
Stations

Pierre Bricault
Alex Gottberg

P354 Separator & 
RIB Transport

Marco Marchetto
Norman Muller

P355 Laboratories

Peter Kunz

P179 BL4N

Yi-Nong Rao
Yuri Bylinsky

P358 CFS

Principal Scientist
Jens Dill ing

EH&S
Joe Mildenberger

Operations & 
Training

Violeta Toma

Grants Accountant
Francis Pau

P310 CANREB

Reiner Kruecken
Friedhelm Ames

CANREB Project 
Leader

Rituparna Kanungo

Project Physicist
Bob Laxdal

Bill Richert
F. Mammarella

Anders Mjos

WBS 1 WBS 2 WBS 3 WBS 5 WBS 7 WBS 9

P363 ARIEL 1.5

S. Koscielniak
??

P359/P360 VECC

Bob Laxdal
N/A

WBS 11

P424 Target Hall 
Infrastructure
Grant Minor

??

WBS 10
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Produce World-Class Science – IAMI 

•  IAMI:  Dual mission facility 
–  Isotope production for British Columbia 
–  Biomedical research for Canada 

•  Architectural design underway 
–  Construction will begin when funding   

is secured 

•  TRIUMF in discussions with the 
federal and provincial governments 
–  Funding being pursued through federal 

SIF program, with UBC’s  Faculty of 
Medicine 
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Produce World-Class Science – IAMI 
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Overarching Laboratory Goals 

1.  Operate the laboratory 
safely and effectively 

2.  Produce world-class 
science 

3.  Connect TRIUMF to the 
world 
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Connect TRIUMF to the World – Government  

•  Budget 2016 expressed strong 
support for science and research 
and committed the government 
to a “comprehensive review of all 
elements of federal support for 
fundamental science over the 
coming year” 

This	review	will	“ensure	there	is	sufficient	flexibility	to	respond	to	
emerging	research	opportuni.es	for	Canada,	including	big	science	
projects	and	other	interna.onal	collabora.ons”	
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Connect TRIUMF to the World – Government 

Feb 9, 1976 

40th Anniversary of Commissioning  

Feb 9, 2016 
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Connect TRIUMF to the World – Partnerships  

•  In December 2015, TRIUMF and 
KEK signed an MOU to open 
branch offices at each other’s 
institution 

•  Ceremony was hosted at the 
Canadian Embassy in Tokyo 

•  Office opened in May, 2016 by 
Hon. Kirsty Duncan, Minister of 
Science, in cooperation with IPP 
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Connect TRIUMF to the World  

Photo	Walk	2015	
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Connect TRIUMF to the World – Outreach 

Kip	Thorne	
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•  Western Nuclear and Particle Physics Conference 
•  Banff – February, 2016, 2017 

•  Progress in Ab Initio Techniques in Nuclear Physics  
•  Vancouver – May, 2016 

•  Double Beta Decay Workshop   
•  Vancouver – May, 2016 

•  Precision for New Discoveries 
•  Vancouver – June, 2016 

•  TRISEP 
•  Vancouver – June, 2016 

•  TRIUMF Science Week 
•  Vancouver – July 18-22, 2016 

•  Direct Reactions with Exotic Beams 
•  Halifax – July, 2016 

•  APS Division of Nuclear Physics Conference 
•  Vancouver – October, 2016 

•  International Particle Accelerator Conference 
•  Vancouver – April, 2018 

Connect TRIUMF to the World – Conferences 
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Connect TRIUMF to the World – AAPS 

•  Advanced Applied Physics Solutions (AAPS) has successfully 
exited from the Centre of Excellence for Commercialization and 
Research (CECR) program 

•  AAPS is now transitioning to become TRIUMF’s business and 
commercialization company 
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Connect TRIUMF to the World – AAPS 

ARTMS Products, Inc 
 

•  ARTMS manufactures targets to produce Tc-99m using medical 
cyclotrons 

•  The company is currently working with three investors: 
–  Accel-Rx 
–  Business Development Bank of Canada 
–  UK-based radiopharmaceutical provider 

•  Health Canada Tc-99m clinical trials underway 
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•  TRIUMF is a strong laboratory.  It has a compelling mission, a 
clear vision and achievable goals.  It is an organization of which 
our community should be proud 

•  With funding in place, TRIUMF is executing on its Five-Year Plan, 
and starting to prepare for the next 

•  TRIUMF is building the administrative capacity to ensure safe and 
effective operations for years to come 

Conclusions 

	
Send	us	your	students!	
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Canada’s national laboratory 
for particle and nuclear physics  
and accelerator-based science 

TRIUMF: Alberta | British Columbia | Calgary | 
Carleton | Guelph | McGill | Manitoba | McMaster | 
Montréal | Northern British Columbia | Queen’s | 
Regina | Saint Mary’s | Simon Fraser | Toronto | 
Victoria | Western | Winnipeg | York 

Thank you! 
Merci! 

Follow us at TRIUMFLab  


